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Abstract: With rapid advancements in air conditioners and increasing international copper prices,
the heat exchangers used in the refrigeration and air conditioning industry frequently face
technical challenges that hinder performance degradation as efforts focus on compact size and cost
efficiency. In response, a study is conducted on a dual-mode room air conditioner with a finned-
tube outdoor heat exchanger. The outer diameter of the heat exchange tubes is reduced from 7
mm to 5 mm alongside the circuit optimization. The goal is to achieve the performance of the @5
mm heat exchanger at the level of the initial prototype and effectively reduce the cost of the heat
exchanger. Firstly, the performance test of the original prototype is carried out across five
standard operating conditions. Subsequently, CoilDesigner is utilized to assess the impact of tube

diameter reduction on the heat exchanger’s performance. Simulation results indicate a minor
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improvement in the heat transfer capacity of the @5 mm heat exchanger without any circuit

alterations. However, the refrigerant pressure drop increases by 4—7 times. Furthermore, five

targeted circuit schemes are designed to examine the impact of factors such as the number of

circuits and confluence locations of circuits on the heat transfer and pressure drop characteristics

of the heat exchanger. The study summarizes an optimization approach for the circuit of small-

diameter finned-tube heat exchangers. Three optimization schemes are developed for the @5 mm

outdoor heat exchanger. After simulating and evaluating the feasibility of these three schemes,

prototypes are generated for performance testing. The experimental results reveal that scheme (3)

performs on par with the original heat exchanger while concurrently reducing material costs by 34. 6 %.

Keywords: room air conditioner; finned-tube heat exchanger; small tube diameter; circuitry optimization
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Fig. 1 Schematic layout of the refrigeration system of the

prototype
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Table 1 Standard testing conditions

M/ C

MK T = b =W

T Bk 3R T2k Bk
o T v 55 31 32 23
T, % 46 24 29 19
T, 1% 35 24 27 19
T T A 7 6 20 15
AV 75k ) #4 2 1 20 15

% 2 A AU AR M K K 3R

Table 2 Prototype performance testing data
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exchanger capacity with prototype test results
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